We examined the change of HSP70 expression in the mouse dental pulp which was exposed to experimental teeth separation by immunohistochemistry as a model for conservative dental treatment. Eight week-old 18 male ddY mice were used and a wedge was inserted between upper 1 st and 2 nd molars for 3 hours. In the experimental group, HSP70 expression increased in the dental pulp tissues. The expression was the greatest at 24 hours after which it gradually decreased to become similar to the level of the control group at 1 week. These results suggest that when immunohistochemical expression of HSP70 is used as an index, almost no severe damage occurs upon clinical application of a wedge insertion.
Introduction
In the dental pulp tissues, pathological changes, lesions or conditions can occur. Often they are caused by physiological factors, such as development, chewing and aging. Furthermore, pathological factors, such as dental caries, food impaction, and mechanical stress injury, can cause pulpal tissue lesions. Injury from mechanical stress may include orthodontic tooth movement and immediate tooth separation during conservative dental treatment. We have already examined the immunohistochemical expression of hard tissue related factors: Runx2 and alkaline phosphatase (ALP) activities, which may be related to odontoblastactivity up-regulation 1, 2) . Furthermore, we have examined the HSP27 expression in the dental pulp tissues caused by orthodontic mechanical stress 3) . HSPs are proteins acquired for survival under harsh environmental conditions in the cell; they are induced by non-physiological stimuli, as molecular chaperone 4) with antiapoptotic features, which allows the cells to escape from death 5, 6) .
In addition, many cells, in response to stress, inhibit protein denaturation by repairing denatured proteins which express HSPs.
We also examined immunohistochemically the expression of HSP27 appearing in mouse dental pulp tissues after experimental immediate tooth separation 7) .
Thus, in the present examination, we examined the expression of HSP70 appearing in the mouse dental pulp after immediate tooth separation, using the same examination model as Saito et al. (2011) 7) .
Materials and Methods

Experimental animals
We used in this examination 18 8-week-old ddY mice (weighing 35±5g), which were purchased from Japan SLC Inc (Hamamatsu, Japan). They were kept in an air-conditioned room with controlled temperature at 24±1 o C. Animals were reared in paper-lined plastic cages (Paper Clean: Peparlet Co., Ltd, Shizuoka, Japan). Mice were freely fed with solid feed (Picolab Rodent Diet 20: Japan SLC Inc, Hamamatsu, Japan) and water.
The ethics committee on laboratory animals at Matsumoto Dental University approved the examination.
Animal experiment
For the examination, the mice were subjected to inhalation anesthesia with isoflurane (ISOFLU: Dainippon Sumitomo Pharma Co. Osaka, Japan) and gas air mixture (4.0% preconcentration of anesthesia). The experiments were performed under a stable anesthetic concentration with adjustable constant flow rate of gas anesthesia system for small laboratory animals of anesthesia, the upper body of the mouse was fixed on a homemade bench. Isoflurane inhalation anesthesia was allowed to flow and maintained during the experiment by inserting a suction hole in the nose from time to time (1.0% maintenance concentration). In order to keep the mouth open during the experiment, the jaw was fixed with a thread tied on the upper incisor from the top of the bench and the lower jaw was hung and fixed on the lower bench with a thread tied on the lower incisors.
Then a wedge (Anatomical Wizard Wedges: Water Pik, Inc., Colorado, U.S.A.) was inserted in between the right maxillary first (M1) and second (M2) molars. For 3 hours, the wedge was left inserted in between teeth, meaning the separation time was 3 hours. Then the animals were divided into the following groups: 0 minutes, 3 hours, 9 hours, 24 hours, 3 days and 1 week after the removal of the wedge until the mouse was sacrificed for histopathological examination. A total of 6 experimental groups were formed. The number of samples in each group are shown on Table 1 . When the duration of anesthesia had lapsed after each experiment, isoflurane inhalation was similarly given. The tissue sample excised consists of a portion of periodontal tissue of the maxillary molars.
For the control group, the left maxillary periodontal tissue of the same subject (opposite untreated side) was used. In this study, the largest tooth closest to the insertion of the wedge would be considered to receive the largest mechanical stress. Although the maxillary 2 nd molar is the largest tooth, observation was done on the distal part of the buccal root of the maxillary 1 st molar.
Histopathological examination
The maxillary bone together with maxillary molars and periodontal tissues were removed and immediately fixed in 4% paraformaldehyde in 0.05 M phosphate buffer for 24 hours. After fixation, the specimens were demineralized in 10% EDTA solution for 3 weeks. Tissues were embedded in paraffin, and serial horizontal sections of 4 m thickness were cut and subjected to histological and immunohistochemical analyses.
Immunohistochemical examination
For immunohistochemical staining, the slides were deparaffinized in xylene and pretreated in incubator at 60 o C for 30 min. Immunohistochemistry was done with Dako Envision + Kit-K4006 (Dako, Glostrup, Denmark). The primary antibody used was rabbit polyclonal HSP70 antibody (HSP70 [K20]: sc-1060, Santa Cruz Biotechnology, Inc, CA, USA) with a dilution of 1:5000. Specimens were counterstained with hematoxylin. For negative control, PBS was used instead of primary antibody.
Results
Histopathological examination results
In control group specimens, maxillary molar pulp tissue was observed as follows. The pulp cavity was partially lined by odontoblasts, some in contact with the dentin and/or some overlapping each other. In some cases, the capillaries were observed within the odontoblast layers. In the central portion of the dental pulp, there were numerous pulp cells and capillaries.
In experimental group specimens, some congestion was generally evident, causing bleeding within the odontoblast layers and central pulp tissues, and containing capillary vessel cells.
Immunohistochemical examination results
In control group specimens, HSP70 was weakly positive in the cytoplasm of endothelial cells in the odontoblast layers ( Figure   1 , a). Furthermore, there were some weakly positive staining products within the cytoplasm of dental pulp cells.
The results of experimental group specimens can be described as follows. At first in experimental group 0-minute specimens, meaning immediately after removing the wedge, HSP70 was expressed in most both capillary endothelial cells and dental pulp cells in the pulp tissues (Figure 1, b ). In experimental group 3hour specimens, the positive staining products of HSP70 strongly appeared in the cells of odontoblast layers, cytoplasm of capillary endothelial cells in the dental pulp cells, and cytoplasm of dental pulp cells throughout the pulp chamber (Figure 1, c) . In experimental group 9-hour specimens, the expression also appeared, the same as in the experimental group 3-hour specimens (Figure 1, d) . In experimental group 24-hour specimens, HSP70 expression increased in the odontoblast layers and capillary endothelial cells of resident pulp cells (Figure 1, e ). In experimental group 3-day specimens, HSP70 expression in the odontoblast layer could still be observed, but a decrease in expression was evident.
In experimental group 1-week specimens, HSP70 further decreased with no difference compared to the control group specimens.
Discussion
Immunohistochemical analysis of HSP70 expression using mice after immediate tooth separation was performed in this study. Experimental  3  3  3  3  3  3 Based on our previous report 2, 7) , the buccal root of the right maxillary first molar after wedge insertion between M1 and M2 would be the most appropriate area for observation, because it seems to be the most affected region in comparison with the other two roots. We used a 3-hour wedge insertion period in our previous examinations, and we showed that the results of both the experimental 30-minute group and the experimental 3-hour group were nearly the same. However, the expression was comparatively stronger than that of experimental 30-minute group 7) .
Regarding the pathological changes occurring in the pulp tissues, there are some examination results that have been published. In general, the pathological changes of the dental pulp tissue occur due to such things as aging, dental caries, occlusal stimuli, traumatic force and orthodontic mechanical stress. [8] [9] [10] . Pathological mechanical stress according to the immediate tooth separation using wedge insertion at the endodontic treatment can cause pathological changes in the periodontal tissues. Furthermore, the stress occurs in the pathologically-changed dental pulp tissues, because the stress can also be understood as damage which can act as a stimulus to the dental pulp in the same manner. In other words, the mechanical stress may pass through the nerve and/or vessels relative to the movement in the apical foramen. The stimulus is also thought to take place in the lateral branch. It is for this reason that we planned this present examination.
Regarding the research results of HSPs appearing in dental pulp, some papers have been published [11] [12] [13] [14] . We have also examined HSPs in pulp tissues 3, 7) . These examination reports dealt mainly with low molecular weight HSPs, such as HSP 25 and 27.
HSP70 is a high molecular weight HSP temporarily attached to the immature state of protein, and known to act as a molecular chaperone with the ability to assist and mature protein folding and to mediate the meeting of polypeptides 5, 15) . The speculation that low molecular weight HSPs function as molecular chaperone in cells is not clear 4) .
In our present examination, HSP70 observed in the control group in pulp cells was weak and was mainly expressed by vascular endothelial cells. This expression was noted during the early experimental period, which indicates that HSP70 plays a physiological role in the vascular system 5, 9) . In the experimental group, strong HSP70 expression was observed in vascular endothelial cells as well as in some pulp cells. Also, this expression reached its maximum after 24 hours and then gradually decreased until the expression was the same as in the control group. This was due to the stress from separation of teeth, which stimulated some endothelial cells, and their reaction was to express HSP70.
This may also be their way to recover from stress. However, the expression was reduced to the same level as that of the control group after one week, suggesting that the injury or the stimulus was not so strong and did not continue very long. Thus, the separation of teeth creates a strong stimulus after about one week as indicated by the expression of HSP70, but the injury is not very destructive to the pulp tissues.
In conclusion, immunohistochemistry was performed to examine the incidence of HSP70 expression. In the experiment group, HSP70 expression increased in the experimental tooth separation group. The expression became the greatest at 24 hours. Then it gradually decreased and became similar to that in the control group at 1 week after the wedge insertion. These results suggest that when immunohistochemical expression of HSP70 is used as an index, there is no severe damage upon clinical application of an inserted wedge.
